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P5 Science Drivers

Pursue the physics associated with
neutrino mass

Explore the unknown: new particles,
interactions, physical principles

Science Impacts

Precision tests of the three-
flavor neutrino paradigm

Expand the regime of neutrino
measurements in source,
energy and intensity

Search for BSM physics



Science Impact #1: Precision tests of the three-flavor paradigm

Precision measurements of neutrino mixing
Neutrino unitarity

Measure the absolute neutrino mass

Determine the nature of neutrino mass (i.e., Dirac or Majorana, NLDBD)

Measure the Majorana phases




Science Impact #2: Expand the regime of neutrino measurements in
source, enerqgy, intensity (CvB, solar, SN, HE astrophysical)

Discover the cosmic neutrino background
Measure supernova burst neutrinos in all three flavors in real time
Measure diffuse supernova neutrino

Measure lower-energy neutrinos (e.g. pp solar, thermal solar) in real time
with high statistics

Solar neutrino measurements (e.g. solar - reactor Am,,? tension)

Measure neutrinos at macroscopic energies from cosmic distances




Science Impact #3: Searches for physics beyond the Standard Model
[in neutrino detectors]

Neutrino magnetic moment

Sterile neutrinos

Both:

Neutrino tridents * BSM inthe
neutrino sector

Proton deca
y « BSM in other sectors

Dark matter. axions that can be done with
’ o neutrino detectors

Millicharged particles




What is generally desired for neutrino detectors?

Of course emphasis depends on specific aim, but frequently:

e Large mass (at low cost)
e Resolution for reconstructed quantities:
energy, momentum, time, particle ID... high granularity
e Energy threshold (range relevant to physics)
e Low background

Tried to turn the question around:
what transformative physics do we want to do with neutrinos?
(or neutrino detectors) What do we need to do it?



Information comes from neutrinos
over ~25 orders of magnitude in energy!

. Natural Sources . Artificial Sources

Figure I: Neutrino sources. Typical neutrino energy is shown.

From BRN report



Information comes from neutrinos
over ~25 Orders Of magnitude in energy! gé%%}g%ﬁggo.’f:ﬂ?&?ﬂ:ﬁ?ﬁ?ggzs,zmg.sapp.

e-Print: arXiv:1910.11878 [astro-ph.HE] | PDF
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Information comes from neutrinos
over ~25 orders of magnitude in energy!

Neutrino flux ¢ [eV-'cm=2s™"]
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Grand Unified Neutrino Spectrum at Earth

Edoardo Vitagliano, Irene Tamborra, Georg Raffelt. Oct 25, 2019. 54 pp.
MPP-2019-205
e-Print: arXiv:1910.11878 [astro-ph.HE] | PDF
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Neutrino detector masses and sensitive energy ranges
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Neutrino detector masses and sensitive energy ranges
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First, here, in the category of “precision measurements of the 3-flavor sector”...
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Many things will improve with

better technology, but it’s not trivial CPv sensitivity

. . . . . DUNE Sensitivity (Staged) == &';;ﬂse,vm
to quantitatively tie detector improvements [ o Systemenee m—75% of i values
9 —— Nominal Analysis
. . . . 10—3.0229“80.08310.“)3 w8, unconstrained

to specific oscillation parameter precision

L sin’0,, = 0.580 unconstrained

(work already underway!)
... improvements are likely
to be incremental

Will instead highlight some items which will
broaden the physics program...
Enable detection of neutrinos

in new regimes, with new capabilities




Novel detector technology for oscillation experiments

i Measure
Precision appearance Novel charge
measure- and detection, light
ments of disappearance production
neutrino of accelerator and detection;
.. and natural magnetization
kg, neutrinos




High-statistics tau neutrino appearance in real-time detectors

Neutrino
mixing

matrix
unitarity

Measure tau
neutrino
appearance
in real time
with high
efficiency

Resolve
short
tracks (0.1

mm at 10
GeV)

in 10 kt
detectors




Neutrino flux ¢ [eV~'em™2s™']

The ultra-high-energy frontier
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Ultra-high energy neutrinos

Sensitivity Low power
Measure to neutrino (<<1W)
neutrinos at fluxes digitizers
macroscopic _ 2 :
energies 1/km?/ sampling
from cosmic decade at at >3 GHz,
distances low energy triggering
threshold at O(1) S/N
L5 Direct Refracted
-0.2 Pulse Pulse
1.0
- Refra_cted < 05
iE‘,_O-G Solution % .
E= g 00
s Direct 5
o Solution >-0.5 ) .
-1.0 L Calibration pulser
‘ mimicking a neutrino
-1.4 IceCube Pulser -15 Signa| from ARA

0 1 2 3 100 200 300 400 500
Horizontal Distance (km) Time (ns)



Few to few tens of MeV regime: solar and supernova neutrinos
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Improved solar neutrino measurements

Reduction of

Measure solar radiogenic
Resolve 8-B, hep, and backgrounds
solar/ neutrino by a factor of
reactor regeneration 100-1000 in
dmA2 in the Earth argon; high
- with S/B>1 spatial
tension above 5 MeV resolution and

light yield

arXiv: 1808.08232

D. Pershey, DUNE preliminary

10 —
10° . T "
|_prosont_| ] AN Bov.oo 3 Also good for burst supernova,
- eactor 1 107 .hep v_CC = .
o KamLAND) - < ° 3
i3 (KamLAND) 2 Bioton Copture relic supernova
fm | g 222p) E
® 5" @, E
o I < o e E
S 6 2 . ]
=t I = Vv,CC 7§
L @D e .
€ 2 o m_ sample 1
< o o1 E
I 1 I =
10 S : .
B | | | 7 5 10 15 20 25 30
2 L TR — T L Reconstructed E, (MeV)



Measure all flavor components of a burst supernova flux

High
Measure efficiency
SN burst CEVNS photo-
neutrinos glow/buzz in detection,
of all three argon or reduction of
flavors in scintillator E,adfgemcd
: ackgrounds
real time by 100-1000
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Very low energy: pp solar, geoneutrinos... and unknown territory!

1018 —— T T T T T I T T T T T T T T T T T T T T T T T T
2 3
10" CNB 1 Below
= s Solar (thermal) Solar (nuclear) 1 charged-
o 10°F 3 current
£ 40°F BBN (n) ¥y _— Reactors 1 threshold
1 : » Geoneutrinos™ | . (IBD
> 10°F BBN (3H) s 3 on protons
s : DSNB N 4 threshold
-12 [ . - ~
x 107°F ~ | Atmospheric 1 ~1.8MeV)
= C -
-18 = ~ -
2 1077k N 1 ... need
= - = :
5 L 2uf . IceCube data  elastic
3 1074 Accelerator- \ - :
%’ - produced . (2/017) - scattering,
10_30 E beams RS E CEVNS,
s Cosmogenic—=">. 3
10-36 il | 1 1 | ] 1 ] 1 ] l L L | 1 1 | 1 1 | 1 1 | 1 1 A
107° 107 10° 10° 10° 10° 10'2 10'° 108

Energy E [eV]



BSM physics with sub-MeV neutrino sources

— Sensitivity
physics in 10 bety e
sub-MeV energy
(...sub-keV) CEVNS
neutr_inos in recoils in
real time real time

Geoneutrinos, pp neutrinos, solar thermal, artificial radioactive source
neutrinos with multiple physics applications

‘‘‘‘‘‘




Cosmic relic neutrino background

Discover

the relic Big Measlu"e
Bang cosmic
neutrinos, neutrino
test of capture on
cosmologic nuclei

al models
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Neutrino Timeline From BRN report

OvBB (multi-ton-scale)

CEVNS mult target malt-ton
Reactor exps UNO, NEO, PROSPECT) I

J-PARC beam intensity upgrade 750 KW

Experiments

Ovii (ton-scale)

PRD 4: Enhance/combine modalities to increase fidelity

PRD 5: Develop new modalities for signal detection

Noble
Elements

PRD 6: Improve understanding of detector microphysics and characterization

PRD 7: Extend wavelength range, develop new single-photon counters to enhance photodetector sensitivity M a n y d iffe re nt

PRD 9: Adapt photosensors for extreme environments

.
PRD 10: Design new devices and architectures to enable picosecond timing and event separation teCh n O | Og IeS
PRD 11: Develop new optical coupling paradigms - light collection, electronics, trigger & DAQ caps I '

Photodetectors

PRD 16: Develop process evaluation and modeling for ASICs in extreme environments

PRD 17: Create building blocks for Systems-on-Chip for extreme environments

Readout &
ASICs

PRD 21: Achieve on-detector, real-time, continuous data processing and transmission to reach the exascale

PRD 22: Develop technologies for autonomous detector systems

TDAQ

PRD 23: Develop timing distribution with picosecond synchronization



Summary: many ideas, much blue sky to explore...
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